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Abstract. We propose a novel relation between the low-mass enhancement of
dielectrons observed at PHENIX and transport coefficients of QGP such as the charge
diffusion constant D and the relaxation time τJ. We parameterize the transport peak
in the spectral function using the second-order relativistic dissipative hydrodynamics
by Israel and Stewart. Combining the spectral function and the full (3+1)-dimensional
hydrodynamical evolution with the lattice EoS, theoretical dielectron spectra and the
experimental data are compared. Detailed analysis suggests that the low-mass dilepton
enhancement originates mainly from the high-temperature QGP phase where there is
a large electric charge fluctuation as obtained from lattice QCD simulations.
1. Introduction
The property of quark-gluon plasma (QGP) has been studied in relativistic heavy ion
collision experiments at the Relativistic Heavy Ion Collider (RHIC) and at the Large
Hadron Collider (LHC). The discovery of large elliptic flow v2 at RHIC, as large as
hydrodynamical prediction with nearly perfect fluid, has revealed a new property of the
QGP: strongly interacting nature of QGP [1].
Electromagnetic radiation, i.e. photons and dileptons, from matter under
dynamical evolution carries clean information on the created hot matter. In experiment,
the other sources for the electromagnetic radiation, such as Drell-Yan process and
hadronic decays, can be estimated so that the radiation from the dynamical medium can
be isolated. Recently, PHENIX Collaboration at RHIC found a low-mass enhancement
of the dielectron spectra [2], which is attributed to the radiation from dynamical
medium. We study the connection between the low-mass enhancement and transport
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peak in the spectral function by utilizing the medium profile calculated by the full
(3+1)-dimensional hydrodynamic model with the lattice equation of state (EoS) [3].
2. Transport Peak in Spectral Function
Radiation spectrum of a lepton pair with momentum p1 and p2 from a unit spacetime
volume of thermal medium with temperature T is given by
E1E2dNl+l−
d3p1d3p2d4x
=
α2
2π4q4
pµ1p
ν
2 + p
µ
2p
ν
1 −
q2
2
gµν
exp(q0/T )− 1
ImGµνR (q;T ), (1)
GµνR (q;T ) ≡
∫
d4xeiqxiθ(x0)〈[Jµ(x), Jν(0)]〉T , (2)
where Jµ(x) ≡ 2
3
u¯γµu − 1
3
d¯γµd − 1
3
s¯γµs is the electric current of quarks, GµνR (q;T )
is the retarded Green function, and ImGµνR (q;T ) is the spectral function. Previous
phenomenological studies on dilepton production from heavy ion collisions at SPS and
at RHIC suggest that novel production process is taking place at RHIC [4]. In these
studies, the spectral function in hadronic phase has been calculated on the basis of
hadronic many-body theory and/or chiral symmetry principles and that in QGP phase
on the basis of perturbation theory. Non-perturbative process such as transport process
in QGP phase and crossover region has not been considered seriously and may be one
of the candidates for the novel production process and we study it in detail.
Starting from Israel-Stewart theory [5, 6] for causal dissipative hydrodynamics
in Landau frame with external electromagnetic field δAµ(x) and performing linear
analysis, we obtain linear equations for the external field and induced electric current
δJµ(x) = Jµ(x)− Jµ (for QGP with vanishing baryon chemical potential Jµ = (0,~0)):
δJµ(x) = (δρ(x), δ~j(x)), ∂µδJ
µ = 0, δ~j(x) = σδ ~E −D~∇δρ− τJ
∂δ~j
∂t
, (3)
D ≡
σ
χ
, τJ ≡ β1σ, χ ≡
∂ρ
∂µ
, (4)
where we introduce three transport coefficients D (diffusion constant), σ (conductivity),
and τJ (relaxation time) and δ ~E = −~∇δA
0−∂tδ ~A is the external electric field. Applying
the linear response relation 〈δJµ〉 = −GµνR (q;T )δAν(q), we obtain transport peaks in
the two independent components of the spectral function:
ImG
(L)
R (q;T ) ≡ −
q2
k2
ImG00R (q;T ) = −
χDωq2
ω2 + (τJω2 −Dk2)2
, (5)
ImG
(T)
R (q;T ) ≡
1
2
(
ImGµR,µ(q;T )− ImG
(L)
R (q;T )
)
= −
χDω
τ 2Jω
2 + 1
. (6)
Since dilepton rate is proportional to ImGµR,µ(q;T )/q
2, the dilepton rate from transport
peak at ω ∼ |~k| ∼ 0 becomes divergent. Setting ~k = ~0, the transport peak is
ImG
(L)
R = ImG
(T)
R = −χDω/(τ
2
Jω
2+1). The transport peak at fixed ω becomes stronger
for larger χ and D and for smaller τJ. The reason is as follows: When D is large and τJ is
small, strong electric current is swiftly induced by the electric charge fluctuation, which
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Figure 1. (Color online) The dielectron spectra from transport peak with (a) τJ = 0
and (b) D = 10/T fixed are compared with the experimental data [2]. We take
into account the contributions from the hadronic decays after freezeout (denoted as
“Cocktail” in these figures). In (c), the parameter sets (D, τJ) with which the data
can be fitted well are summarized. In (d), we plot the spectra of dielectrons radiated
from matter with different temperature ranges.
is proportional to the susceptibility χ. This strong induced current emits a large number
of photons and dileptons. We parameterize the transport coefficients D ∝ 1/T , τJ ∝ 1/T
for dimensional reason and the susceptibility χ(T ) = 0.28T 2
[
1 + tanh
(
T [GeV]−0.155
0.023
)]
by
fitting a lattice result [7]. We refer to the theoretical values of transport coefficients
calculated by pQCD [8, 9, 10] (DpQCDT, τpQCDJ T ) = (4, 15) and those by AdS/CFT [11]
(DAdS/CFTT, τ
AdS/CFT
J T ) = (1/2π, ln 2/2π).
3. Dielectron Spectrum in Heavy Ion Collisions
We combine the transport spectral function given in (5) and (6) with medium profile
calculated by full (3+1)-dimensional hydrodynamic model with the lattice EoS [3]. For
details of the hydrodynamic model adopted, see [12] and references therein. Shown in
Fig. 1(a) are dielectron spectra for various D and for τJ = 0. Since spectral function
with τJ = 0 gives the largest dielectron yield for each D, the data cannot be explained
by D < 2/T . In Fig. 1(b), we show the dielectron spectra with various τJ and for
D = 10/T . The dielectron spectrum with (DT, τJT ) = (10, 0.5) shows good agreement
with the data. For each D(≥ 2/T ), we can find τJ with which the data can be fitted
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well. We summarize in Fig. 1(c) some of such parameter sets (DT, τJT ) and theoretical
estimates by pQCD and AdS/CFT.
The transport spectral function is proportional to χ, which rapidly grows at high
temperature. The dilepton production is proportional not only to the spectral function
but also to the spacetime volume, which is large at low temperature. Therefore it
is interesting to see the interplay between these competing effects, namely fluctuation
and volume. Shown in Fig. 1(d) is the spectra of dielectrons emitted from the matter
with different temperature regions. Clearly dielectrons are emitted dominantly from the
matter with 0.2 ≤ T ≤ 0.3 GeV, suggesting that the fluctuation becomes important at
high temperature.
4. Conclusion
We have calculated the dielectron yield by combining the transport peak and the
medium evolution calculated by the full (3+1)-dimensional hydrodynamic model with
the lattice EoS and attempted to extract the transport coefficients from the data. We
summarize our results in Fig. 1(c). The obtained parameter sets are far from both
weak-coupling pQCD calculation and strong-coupling calculation on the basis of the
AdS/CFT correspondence. We also showed that in order to explain the data, the
diffusion coefficient must be D ≥ 2/T . In order to investigate the transport peak
further, it is important to study the transverse momentum dependence of the dielectron
spectra, which will be reported in [12].
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